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FOREWORD 


The  study  reported  herein  was  conducted  in  1968  and  1969  in  fur¬ 
therance  of  Department  of  the  Array  Project  1T062103A0U6 ,  "Traff icability 
find  Mobility  Research,"  Task  03,  "Mobility  Fundamentals  and  Model 
Studies,"  being  conducted  by  personnel  of  the  Mobility  Research  Branch 
(MRB),  Mobility  and  Environmental  (M&E)  Division,  U.  S.  Array  Engineer 
Waterways  Experiment  Station  (WESJ.  This  project  is  under  the  guidance 
and  sponsorship  of  the  Research,  Development  and  Engineering  Director¬ 
ate,  U.  S.  Arn$r  Materiel  Command. 

This  study  was  conducted  under  the  general  supervision  of  Messrs. 
W.  G.  Shockley,  Chief,  M&E  Divisi  n,  and  S.  J.  Knight,  Assistant  Chief, 
M&E  Division,  and  Chief,  MRB,  and  Dr.  K.-J.  Melzer  of  the  MPB;  and 
under  the  direct  supervision  of  Mr.  T.  R.  Patin  of  the  MRB,  who  also 
prepared  this  report. 

COL  Levi  A.  Brown,  CE,  and  COL  Ernest  D.  Peixotto,  CE,  were  Direc¬ 
tors  of  WES  during  this  study  and  preparation  of  this  report.  Messrs. 

J.  B.  Tiffany  and  F.  R.  Browr.  ’ere  Technical  Directors. 
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NOTATION 


Tire  section  width,  cm 
Tire  diameter,  cm 
Penetration  depth,  cm 
Relative  density,  percent 

3 

Soil  penetration  resistance  gradient,  MN/m 
Tire  section  height,  cm 

Torque  and  torque  at  20  percent  slip,  respectively,  m-N 

Pull  and  pull  at  20  percent  slip,  respectively,  N 

Penetration  resistance;  numerical  subscripts,  e.g,  PRq  ,  PR^  , 

etc.,  indicate  equal  depth  intervals  to  depth  of  interest  PR  ; 
2  ’  D 

kN/m 

Towed  force,  N 

Average  active  radius  of  tire,  cm 
Vertical  load,  N 

Sinkage  and  sinkage  at  20  percent  slip,  respectively,  cm 
Tire  deflection,  cm 
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SUMMARY 


The  study  reported  herein  was  conducted  to  determine  whether  the 
sand  mobility  numbei  that  had  been  developed  for  circular-cross-section 
tires  operating  in  a  particular  coarse-grained,  air-dry  soil  could  be 
used  to  predict  the  performance  of  rectangular-cross-section  tires  in 
the  same  or  a  second  coarse-g cained ,  air-dry  soil. 

Five  rectangular-section  tires  were  tested  in  each  of  two  coarse¬ 
grained  soils,  a  desert  sand  from  Yuma,  Arizona,  and  a  mortar-type  sand 
from  a  river  oosit  near  Vicksburg,  Mississippi.  The  data  collected  in 
these  tests  wc  e  compared  with  relations  previously  developed  from  tests 
with  circular-section  tires  in  air-dry  Yuma  sand. 

Analysis  of  test  results  showed  that  the  existing  sand  mobility 
number  can  be  used  to  predict  the  performance  of  rectangular-section 
tires  in  both  test  sands. 
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PERFORMANCE  OF  SOILS  UNDER  TIRE  LOADS 


EXTENSION  OF  MOBILITY  PREDICTION  PROCEDURES  TO  RECTANGULAR- 
CROSS-SECTION  TIRES  IN  COARSE-GRAINED  SOIL 

PART  I:  INTRODUCTION 

Background 

1.  Tires  with  circular  cross  sections  have  been  tested  very  ex¬ 
tensively  at  the  U.  S.  Arny  Engineer  Waterways  Experiment  Station  (WES) 
in  one  sand,  an  air-dry  desert  sand  (Yuma  sand);  and  empirical  relations 

for  predicting  their  performance  have  been  developed  on  the  basis  of  the 

12  3 

results  of  these  tests.  ’  *  These  relations  did  not  necessarily  apply 
to  tires  with  rectangular  cross  sections,  because  the  latter  are  geomet¬ 
rically  and  structurally  different  from  the  circular-section  tires,  nor 
to  other  sands.  Therefore,  rectangular-section  tires  needed  to  be 
tested  on  Yuma  sand  and  at  least  one  other  sand  to  determine  whether  the 
existing  sand  mobility  number  could  be  used  to  predict  performance  of 
these  tires,  or  whether  new  or  revised  numbers  would  have  to  be 
developed. 

Purpose 

2.  The  primary  purpose  of  this  study  was  to  develop  a  performance 
prediction  capability  for  rectangular-section  tires  in  Yuma  sand,  either 
by  using  the  existing  sand  mobility  number  established  for  circular- 
section  tires  in  Yuma  send,  by  modifying  it,  or  by  developing  an  en¬ 
tirely  new  number,  depending  upon  the  test  results.  A  secondary  purpose 
was  to  investigate  whether  tne  applicable  number  for  rectangular-section 
tires  in  Yuma  sand  also  could  be  applied  to  performance  of  such  tires  in 
a  different  sar.d. 

Scope 

3.  Forty  programmed-slip  and  seven  towed  tests  were  conducted  in 
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Yuma  sand,  and  1 6  programmed-sl ip  tests  were  conducted  in  mortar  sand; 
all  were  multiple-pass  tests.  Sand  penetration  resistance  gradient  G 
ranged  from  0.86  MN/m'*  to  6.08  MN/m  for  these  tests.  Five  rectangular- 
section  tires  were  used;  each  was  tested  at  IS,  25,  and  35  percent  de¬ 
flection.  Loads  ranged  from  900  to  6000  N.  The  test  data  obtained  from 
these  tests  were  compared  with  curves  established  for  circular-section 
tires,  areas  of  agreement  and  disagreement  were  identified,  and  predic¬ 
tion  curves  for  the  rectangular-section  tires  were  established  when  the 
circular-section  tire  curves  were  not  applicable.  All  curves  were 
visual  lines  of  best  fit. 

Definitions 


Most  of  the  terms  used  in  this  study  have  been  defined  in  ear- 

1  2  U 

lier  reports;  *  *  however,  attention  is  called  to  one  important  chanre, 
i.e.  the  use  of  the  more  conventional  symbol  "  instead  of  Q  for 
torque.  "Circular-section'-  or  "rectanrular-secti on"  refers  to  the  shape 

of  the  tire’s  cross  section.  The  "average  active  radius  r  "  of  a  tire 

a 

is  the  undeflected  radius  minus  one-half  the  maximum  hard-surface 
deflection. 


*  A  table  for  converting  metric  to  British  un'ts  of  measurements  is 

given  on  page  ix. 


2 


% 


U’ 
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H.etanular-seetion  tires  tested 


Tost  Procedures 


7.  The  smne  basic  procedures  for  multiple-pass  programmed-s U p 

r  4 

rind  towed  tests'  ’  were  followed  in  all  tests,  except  for  one  important 
improvement.  The  pull  values  recorded  for  all  tests  with  both 
rectangular-section  tires  and  circular-section  tires  were  corrected 
for  inertia  effects^  that  existed  when  the  test  carriage  was  gradually 
decelerated  during  the  programmed- slip  tests. 
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PAKT  III:  PRESENTATION  AND  ANALYSIS  OF  DATA 


Data  Used 

8.  The  original  intent  was  to  compare  performance  data  developed 

in  this  study  for  rectangular-section  tires  with  prediction  curves  for 

r> 

circular-section  tires  developed  in  a  previous  study, This  could  not 
be  ;one  because  of  changes  in  test  techniques  and  data  acquisition, 
which  led  to  improved  data,  i.e.  the  pull  values  were  corrected  for  in¬ 
ertia  effects  (paragraph  7).  The  performance  data  used  in  this  report 
for  circular-section  tires  (table  2)  are,  therefore,  from  tests  in  which 
pull  values  were  corrected:  seven  single-wheel  one-pass  tests  with  a 
9.00-lk  tire  listed  in  reference  8,  and  a  number  of  single-wheel 
multiple-pass  tests  with  9-00-lJ*  and  k.00-7  tires  listed  in  table  I*  of 
reference  9.  Tire  and  performance  data  for  the  rectangular-section 
tires  are  listed  in  table  3  herein. 

9*  In  a  number  of  tests,  a  negative  pull  was  obtained  at  a  posi¬ 
tive  20  percent  slip  condition,  and  data  from  these  tests  were  not  used 
in  the  analysis,  although  they  are  listed  in  the  data  tables.  Such  a 
condition  is  possible  only  in  the  laboratory.  Because  of  the  physical 
setup  (soil  strength,  wheel  load,  etc.)  and  the  manner  in  which  the 
tests  are  run  in  the  laboratory,  the  wheel  exerts  a  negative  pull,  i.e. 
the  wheel  is  being  pulled  by  the  carriage,  when  the  soil-wheel- load  con¬ 
ditions  are  such  that  the  force  retired  to  tow  the  wheel  exceeds  its 
forward  tiirust.  If  such  a  situation  should  occur  with  a  vehicle,  the 
result,  of  course,  would  be  immobilisation. 
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where 

G  =  cone  penetration  resistance  gradient 

b  =  maximum  outside  width  of  the  cross  section  of  the  inflated, 
but  unloaded,  tire 

d  =  outside  diameter  of  the  inflated,  but  unloadeu,  tire 

W  =  the  vertical  load  (force)  applied  to  the  tire  through  the  axle 

6  =  tire  deflection,  i.e.  the  difference  between  the  section 
height  and  the  loaded  section  height 

h  =  tire  section  height,  i.e.  the  distance  from  the  lip  of  the  rim 
flange  to  the  periphery  of  the  treadless  tire,  measured  along 
the  vertical  center  line  of  the  cross  section  o^  the  inflated, 
but  unloaded,  tire 


The  G  value  in  the  equation  above  is  the  average  slope  of  the  penetra¬ 
tion  resistance  versus  depth  curve  and  is  calculated  by  the  following 
equation: 


'PR„  +  PR,  +  PR  .  . . PR 
0  1  2  D 

number  of  PR  readings 


where 


PRq  =  the  penetration  resistance  reading  when  the  base 
of  the  cone  is  flush  with  the  soil  surface, 
sometimes  called  surface  or  zero-depth  reading 

PR^,  PR^. . .PR  =  penetration  resistance  readings  taken  at 
equal  depth  intervals  down  to  a  depth  D 

D  =  depth  to  which  G  values  are  to  be  taken 

11.  The  relations  between  mobility  number  iJ  and  the  pull  coef- 

s 

ficient  P/'W  (pull/load),  torque  coefficient  M/Wra  (torque/load 
x  active  radius),  and  sinkage  coefficient  z/d  (s i nkage /diameter ) ,  re¬ 


spectively,  are  shown  in  plate  1  for  tests  with  the  two  circular-section 
tires  (4.00-7  and  9*00-14 ).  These  performance  curves  form  the  basis  for 


comparing  the  results  of  the  tests  with  the  rectangular-section  tires 
with  those  with  circular-section  tires. 


First-pass  performance 


12.  Pull  coefficient  at  20  percent  slip  (P  /W).  The  curve  from 
plate  la  for  rpg/W  versus  the  sand  mobility  number  for  circular- 
section  tires  is  compared  in  plate  2a  (dashed  line)  directly  with  a 
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similar  relation  for  the  P0q/W  data  l*or  rectangular-sect i on  tires 
shown  in  table  3.  This  comparison  shows  that  the  circular-section  tire 
curve  can  be  ised  to  predict  the  pulls  of  the  rectangular-section  tires 

Tor  N  below  15;  but  for  N  above  15,  a  new  curve  (solid  line)  fits 

c  s 

the  rectangular-section  tire  data  better. 

13.  Torque  coefficient  at  PO  percent  slip  (M  /Wr  ).  'I'he  torque 

C  1J  £1 _ 

coefficient-sand  mobility  number  data  obtained  from  rectangular-sect i on 
tire  tests  are  plotted  in  plate  Pb ,  together  with  the  curve  from 
plate  lb  for  circular-section  tires.  As  is  apparent,  the  same  curve  can 
be  used  to  predict  the  performance  of  the  rectangular-section  tires  and 
the  circular-section  tires. 

it.  [linkage  coefficient  at  PO  percent  slip  (z  ^/d).  The  results 
presented  in  plate  Pc  show  that  the  curve  for  sinkage  of  circular- 
section  tires  from  plate  1c  (dashed  line)  does  not  predict  rectangul ar- 
section  tire  sinkage  very  well.  For  sand  mobility  numbers  less  than  10, 
this  curve  would  predict  sinkages  smaller  than  actual,  whereas  for  the 
higher  values,  larger  than  actual  linkage  values  would  be  predicted. 
However,  here  again,  while  the  previously  developed  curve  for  circular- 
section  tires  does  not  serve  to  proiiet  sink age  of  rectangular  tires,  a 
new  curve  (solid  line  in  plate  Pc)  defines  a  good  relation  of  sink age 
and  sand  mobility  number. 

15.  Towed  force  coefficient  (ll./W) .  A  curve  for  predicting  towed 
force  of  circular-section  tires  in  Yuma  sand  was  not  established  because 
the  data  were  limited,  there  being  no  towed  force  information  available 
from  reference  8  and  results  from  only  10  tests  with  the  9.00-1^  tire 
available  from  reference  9.  Also,  these  10  tests  did  not  cover  the  full 
.-and  mobility  number  ran  re, 

]6.  The  relation  between  the  towed  force  coefficient  ! rind 
the  sand  mobility  number  for  rectangular-section  tires,  shown  in  plate  3, 
indicates  that  the  sand  mobility  number  can  bo  used  to  nrodicu  the  per¬ 
formance  of  rcrtungu  1  ar-scel, i on  tiros  in  Yuma  sand,  arid  the  line  of  best 
fit  for  th'T,e  data  can  tie  used  as  a  prediction  curve. 

'■'u_i  tit,  e-i  ass  perforr.ance 

17.  ‘election  of  '<  values  '.o  tie  in  analysis,  '“here  are 
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two  choices  in  assigning  values  of  penetration  resistance  gradient  0 
for  the  characterization  of  sand  strength  in  analysis  of  multiple-pass 
performance  data:  (a)  use  G  values  in  the  sand  mobility  number  that 
have  been  measured  before  traffic,  or  (b)  use  G  values  measured  before 
each  pass.  The  first  choice  was  used  in  this  study  because  it  is  the 
only  practical  means  of  applying  the  sand  mobility  number  to  field  con¬ 
ditions.  To  measure  G  before  the  passage  of  the  second  and  third 
axles  of  a  six-wheeled  vehicle  would  be  very  difficult,  if  not 
impossible . 

1.8.  Pull  coefficient  at  20  percent  slip  (P^/W).  Prediction  re¬ 
lations  for  second-  and  third-pass  performance  of  circular-section  tires 
are  shown  i.n  plates  4a  and  l)c ,  respectively.  These  relations  are  ['lot¬ 
ted  in  plates  5a  and  5c,  together  with  the  data  obtained  on  the  second 
and  third  passes  with  rectangular-sect iori  tires.  The  curves  for  the 
circular-section  tires  fit  the  data  for  the  rectangular-section  tires 
quite  well,  indicating  that  the  circular-section  lire  curve  cun  be  user] 
to  predict  pull  performance  of  rectangular-section  tires.  The  data 
scatter  for  the  third  pass  is  wider  than  that  for  the  second  puss, 
which,  in  turn,  is  wider  than  that  for  the  first  pass  (plate  2a).  The 
data  from  tests  with  the  rectangu1 ar-sect. i on  tires  tend  to  show  slightly 
more  scatter  than  the  data  for  the  circular-section  tires. 

19.  Torque  coefficient  at  20  percent  slip  (M^/Wr^) .  When  the 
torque  performance  curves  for  second-  and  third-pass  data  for  e i renin r- 
section  tires  from  plates  lib  and  lid,  rosnrot.  i  voly ,  are  plotted  in 
plates  5b  and  5d,  together  with  similar  data  for  the  rectangular-sect i on 
tires,  the  circular-section  tire  curves  again  fit  the  rec tangu 1 ar- 
section  tire  data  quite  well,  although  the  data  scatter  in  [dat.es.  rd>  and 
5d  is  fairly  wide.  This  indicates,  the  <•  i  seular-s.ee t  i  on  td  re  curves,  car 
be  used  to  predict  torque  performance  of  the  rectangular-section  tires. 

Tests  in  Mortar  Gaud 


Method  of  analysi: 


20.  Mortar  sand  was  not,  included  in  the  previous  WKG  development. 
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of  the  sand  mobility  number  for  circular-section  tires;  therefore, 
circular-section  and  rectangular-section  tire  performance  in  mortar  sand 
could  not  be  compared  as  has  been  done  herein  for  Yuma  sand.  Thus,  the 
analysis  consisted  of  (a)  determining  whether  the  sand  mobility  number 

C  bd  )^^  <5 

—  — -  •  —  could  be  used  to  collapse  the  data  for  rectangular-section 


tires  in  mortar  sand,  and  if  so,  (b)  developing  prediction  curves  for 
this  sand. 

First-pass  performance 

21.  Pull  coefficient  at  20  percent  slip  (P  /W).  The  results  of 

_ c-  U _ 

tests  with  rectangular-sec.  ion  tires  in  mortar  sand  show  that  the  pre¬ 
viously  developed  mobility  number  can  be  used  to  predict  the  performance 
of  these  tires  (solid  line,  plate  6a).  When  this  curve  is  compared  with 
the  curve  (dashed  line)  for  Yuma  sand  from  plate  2a,  the  Yuma  sand  pro¬ 
duces  higher  P,JQ/W  values  for  a  given  sand  nobility  number  than  does 
the  mortar  sand.  Although  different  curves  are  needed  for  the  two  sands, 
each  can  be  used  for  prediction  for  the  pertinent  sand. 

22.  Torque  coefficient  at  20  percent  slip  (M0^/Wr  ).  Apparently, 
the  Yuma  sand  mobility  number  can  also  be  used  to  predict  the  torque  of 
rectangular-section  tires  in  mortar  sand  with  reasonably  acceptable 
accuracy,  as  shown  in  plate  6b  (solid  line).  For  a  given  sand  mobility 
number,  less  torque  is  required  in  mortar  sand  than  in  Yuma  sand  (dashed 
line).  Here  again,  although  different  curves  are  needed  for  the  two 
sands,  each  curve  predicts  reasonably  well  for  the  pertinent  sand. 

23.  Sinkage  coefficient  at  20  percent  slip  (z^/d).  Sinkage  of 
rectangular-section  tires  in  mortar  sand  can  be  predicted  by  the  sand 
mobility  number  (plate  6c);  in  fact,  the  same  curve  can  be  used  for  pre¬ 
dicting  sinkages  in  both  Yuma  and  mortar  sands. 

2b.  Tewed  force  coefficient  at  20  percent  slip  (P^/W).  As  in  the 
other  performance  parameters,  the  towed  force  coefficient  can  also  be 
predicted  by  the  sand  mobility  number  (plate  6d),  and  as  in  the  sinkage 
coefficient  at  20  percent  slip,  the  same  curve  can  be  used  to  predict 
towed  force  coefficient  in  both  Yuma  and  mortar  sands. 

25.  Comparison  of  Yuma  and  mortar  sand  test  results.  Yuma  sand 
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and  mortar  sand  test  results  for  the  four  first-pass  performance  param¬ 
eters  are  compared  in  plate  6.  To  predict  both  pull  and  torque  at  20 
percent  slip  (plates  6a  and  6b,  respectively),  separate  curves  are 
needed  for  the  two  sands.  On  the  ether  hand,  sinkage  and  towed  force 
(plates  6c  and  6d,  respectively)  can  be  predicted  for  the  two  sands  by 
the  same  curve. 

Relative  Density  Consideration 

26.  Because  different  curves  are  needed  for  predicting  pull  in 

Yuma  and  mortar  sands  (plate  6a),  it  is  likely  that  0  alone  may  not  be 
an  adequate  common  denominator  representing  the  strength  in  all  sand 
conditions.  Tn  an  attempt  to  arrive  at  a  common  denominator  (at  least 
for  the  two  sands  considered  in  this  study),  the  work  done  by  Melzer^ 
relating  0  to  relative  density  was  examined  (plate  7). 

27.  It  is  hypothesized  that  the  two  sands  would  behave  similarly 
when  they  were  at  the  same  relative  density.  To  test  this  hypothesis, 
the  G  values  for  the  various  mortar  sand  tests  were  converted  into 
"equivalent"  G  values  of  Yuma  sand  at  the  same  relative  density.  (Ex¬ 
ample:  Tn  mortar  sand  a  value  of  G  =  2.0  corresponds  to  a  relative 
density  of  62  percent  (plate  7b);  that  same  relative  density  of  62  per¬ 
cent  in  Yuma  sand  corresponds  to  G  =  1.1*  (plate  7a);  thus,  a  G  value 
of  2.0  in  mortar  sand  has  :in  equivalent  value  of  1.1*  in  Yuma  sand.  This 
value  of  G  =  1.1*  is  then  used  in  the  sand  mobility  number  for  plotting 
mortar  sand  test  results.) 

Pull  coefficient  at 
20  percent  slip  (P^/W) 

28.  The  data  from  plate  2a  for  the  Yuma  sand  test-'  with 
rectangular-section  tires  are  plotted  in  plate  8a,  together  with  the 
Yuma  sand  equivalent  values  for  the  mortar  sand,  which  were  developed  by 
using  the  procedures  described  in  paragraph  27.  When  the  converted 
values  for  the  mortar  sand  are  used,  the  curve  for  Yuma  sand  fits  the 
mortar  sand  data  quite  well. 
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Torque  coefficient  at 

20  percent  slip  (M  /Wr  ) 

_  £-0 _ a 

29.  As  was  done  with  the  pull  data  the  Yuma  sand  G  equivalent 
was  used  to  replot  the  mortar  sand  data  in  plate  8b,  together  with  the 
Yuma  sand  data  from  plate  2b.  The  new  plot  shows  that,  after  conversion, 
the  torque  at  a  given  relative  density  required  in  mortar  sand  is  still 
smaller  than  that  required  in  Yuma  sand  (paragraph  22).  A  possible  rea¬ 
son  for  this  difference  is  discussed  in  paragraphs  30  and  31. 

Sinkage  coefficient  at 
20  percent  slip  (z  /d) 

30.  When  the  mortar  sand  G  values  arc;  converted  to  equivalent 
Yuma  sand  G  values  (paragraph  27  and  plate  7)  and  replotted 
(plate  8c),  together  with  the  data  for  Yuma  sand  tests  from  plate  2c, 
the  relations  seem  to  separate  rather  than  collapse.  For  a  given  rela¬ 
tive  density,  less  sinkage  is  encountered  in  mortar  sand  than  in  Yuma 
sand.  A  possible  qualitative  explanation  for  this  can  be  found  by  con¬ 
sidering  the  compressibility  of  the  two  sands.  A  method  by  which  the 
modulus  of  compressibility  can  be  calculated,  if  the  maximum,  minimum, 
and  initial  void  ratios  of  the  sand  are  known,  is  explained  in  refer¬ 
ence  10:  except  for  cases  of  extremely  low  relative  densities  and  de¬ 
pending  on  the  void  ratio  and  pressure,  the  Yuma  sand  is  more  compress¬ 
ible  than  the  mortar  sand. 

31.  Although  compressibility  assumes  an  elastic  medium  and  may 
not  represent  the  entir°  case  for  wheels  on  soft  soils,  pial  i  tat.  i  vely  it 
could  explain  the  reason  for  the  deeper  sinkage  in  Yuma  sand  at  a  given 
relative  density.  This,  in  turn,  would  explain  why  loss  torri<  is  re¬ 
quired  in  mortar  sand  than  in  Yuma  sand  for  a  given  pull. 
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PART  IV:  CONCLUSIONS  AND  RECOMMENDATIONS 


Conclusions 


32.  Based  on  the  study  herein,  the  following  conclusions  were 

drawn . 

a.  First-pass  pull  coefficient  at  20  percent  slip  in  Yuma 
sand  can  be  predicted  reasonably  well  for  sand  mobility 
numbers  below  15  by  a  common  curve  for  circular-section 
and  rectangular-section  tires;  but  for  mobility  numbers 
above  15,  separate  curves  are  needed.  On  the  other  hand, 
multiple-pass  pull  coefficient  for  both  rectangular-  and 
circular-section  tires  can  be  predicted  by  the  same  cu  ve. 
The  sand  mobility  number  previously  developed  with 
circular-section  tires  in  the  Yuma  sand  successfully  col¬ 
lapsed  the  data  for  rectangular-section  tires  for  the 
pull  coefficient  at  20  percent  slip  in  mortar  sand 
(plate  6a).  Yuma  sand  produces  a  higher  pull  coefficient 
at  20  percent  slip  than  does  the  mortar  sand  for  a  given 
sand  mobility  number;  however,  when  a  given  G  value  for 
mortar  sand  at  a  certain  relative  density  is  converted  to 
the  G  value  for  Yuma  sand  at  the  same  relative  density 
(paragraph  27),  the  test  results  for  both  sands  fall 
along  the  same  prediction  curve  (plate  8a). 

b_.  Torque  coefficient  at  20  percent  slip  in  Yuma  sand  for 
the  first,  second,  and  third  passes  (plates  2b,  kb,  and 
kd,  respectively)  can  be  represented  by  one  performance 
curve  for  the  two  types  of  tires.  The  previously  devel¬ 
oped  Yuma  sand  mobility  number  for  circular-section  tires 
apparently  successfully  collapses  the  data  for  the  torque 
coefficient  for  rectangular-section  tires  in  mortar  sand 
(plate  6b).  For  both  a  given  sand  mobility  number  and  a 
given  relative  density,  less  torque  is  required  in  mortar 
sand  than  in  Yuma  sand  (plates  6b  and  8b). 

c_.  Separate  curves  are  needed  to  predict  first-pass  sinkage 
coefficient  at  20  percent  slip  in  Yuma  sand  for  circular- 
section  tires  and  rectangular-section  tires  (plate  2d); 
but  sinkage  coefficient  at  20  percent  slip  in  mortar  sand 
for  rectangular-section  tires  can  be  predicted  success¬ 
fully  by  the  Yuma  sand  mobility  number  developed  with 
circular-section  tires.  Also,  the  curve  used  to  predict 
sinkage  of  rectangular- sect ion  tires  in  Yuma  sand  can  be 
used  for  mortar  sand  (plate  6c). 

d.  For  a  given  relative  density,  more  sinkage  is  encountered 
in  Yuma  sand  them  in  mortar  sand  (plate  8c),  which  can  be 
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explained  qualitatively  by  the  fact  that  Yuma  sand  is 
more  compressible  than  mortar  sand  (paragraph  30). 

e_.  First-pass  towed  force  coefficient  for  rectangular- 

section  tires  in  Yuma  sand  can  be  predicted  by  the  Yuma 
sand  mobility  number  (plate  3).  Also,  the  towed  force 
coefficient  at  20  percent  slip  in  mortar  sand  for 
rectangular-section  tires  can  be  predicted  successfully 
by  the  Yuma  sand  mobility  number  developed  with  circular- 
section  tires;  in  fact,  the  same  curve  can  be  used  for 
rectangular-section  tires  in  both  Yuma  and  mortar  sands 
(plates  6d). 

£.  For  rectangular-section  tires,  Yuma  sand  and  mortar  sand 
require  separate  prediction  curves  for  pull  and  torque 
coefficients  at  20  percent  slip  (plates  6a  and  6b,  re¬ 
spectively),  whereas  Yuma  sand  and  mortar  sand  have  a 
common  curve  for  sinkage  coefficient  at  20  percent  slip 
and  for  towed  force  coefficient  (plates  6c  and  6d, 
respectively). 

Recommendations 


33.  It  is  recommended  that  tests  be  conducted: 

a.  With  circular-section  tires  in  Yuma  sand  in  which  the 
pull  measurements  are  corrected  for  inertia.  These  tests 
should  be  designed  to  cover  an  adequately  wide  range  of 
sand  mobility  numbers  so  that  these  data  can  replace  the 
earlier  test  results  in  which  no  correction  was  made. 

b.  With  a  selected  number  of  circular-section  tires  in 
mortar  sand  to  adequately  determine  the  performance  char¬ 
acteristics  of  these  tires  in  mortar  sand. 

c_.  In  several  additional  sands  so  that  the  relative  density 
approach  described  herein  can  be  further  verified.  The 
pertinent  characteristics  of  these  sands  should  be  con¬ 
siderably  different  from  those  of  the  Yuma  and  mortar 
sands . 
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